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Abstract 
Environmental issues related to past mining activities have become the subject of public interest only in the last 20-25 
years. Consequently, experience related to the mitigation and control of environmental pollution in mining areas is a 
recent development. The existing methods of remediation are often partially ineffective, especially when applied 
without an in-depth geochemical and mineralogical study of the site. This paper reports on preliminary data 
concerning the effect of remediation actions in an arsenic-contaminated mine watershed (Baccu Locci mine – Italy) a 
few months from its completion. The persistence of the pre-remediation conditions raises some doubt on the 
effectiveness of the undertaken remediation actions, even if more time is certainly needed to reach a new 
environmental steady state. Much remains to be learned about mistakes and successes of mine site remediation, and 
the monitoring of the Baccu Locci area represents an opportunity to acquire new fundamental knowledge on this 
issue. 
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1. Introduction  
The decline of mining industry led to the closure in Sardinia (Italy) of most mines over the 1970-1990 
period, leaving about 170 abandoned mines and 200 million tons of mining-related wastes covering a 19 
km2 surface [1]. So far, the abandoned Pb-As Baccu Locci mine represents the first and only case of mine 
site remediation in Sardinia. Arsenic represents the most relevant environmental concern in the Baccu 
Locci watershed, with concentrations in surface waters up to and sometimes over 1 mg/L ([2], [3], [4]). 
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Remediation actions started in August 2008 and concluded in February 2012 with an all-in cost of about 5 
million euros. This paper reports the first results on the level of contamination in the Baccu Locci stream 
just a few months from completion of remediation. Although more time is certainly needed so that the site 
can reach a new environmental steady-state, and success or problems of remediation measures can 
possibly be evident, it is important to monitor immediately the geochemical evolution of the Baccu Locci 
system to better understand how it responds to the remedial actions over time. 
2. Study area 
The sulphide deposit of Baccu Locci (south-east Sardinia, Italy) represents a peculiarity in the 
metallogenesis of Sardinia due to an unusual primary paragenesis made up of about equal amounts of 
galena and arsenopyrite [5]. The extraction of Pb and As for about a century (1873-1965) has left a 
significant environmental legacy. In particular, the unwise practice of discharging tailings from the 
flotation plant, built up in 1949, directly into the Baccu Locci stream (BLs), which drains the 
homonymous mine area, has caused the consequent accumulation and wide scattering of highly 
contaminated materials (up to 24,000 mg/kg As and 8900 mg/kg Pb measured in stream 
sediments/tailings along the BLs) over the whole watershed as far as the coastal plain located about 10 
km downstream from the mine.  
Forty-five years after mine closure, remedial actions were conducted at Baccu Locci. They mainly 
consisted of: 1) the creation of a “Storage Site” where the material from different waste-rock dumps and 
several tailings piles occurring along the BLs were placed; 2) the securing of the three largest waste-rock 
dumps present in the area; 3) the treatment of leachates from the “Storage Site” and acidic water from an 
adit by a passive adsorbent system. Further details are available in [6]. 
 
Fig. 1. (left): schematic map of the study area, as before remediation, with location of sampling points; (right top): 
tailings along the BLs banks (pre-remediation conditions); (right bottom): Storage Site. 
3. Sampling and methods  
A total of 17 water points were sampled in May 2012, after the conclusion of all remedial actions. The 
sampling was preceded by few rainy days, after a prolonged dry period. For a comparison between old 
and new data, sampling followed the scheme of the campaigns on February 2000 and January 2001, 
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corresponding to periods of minimum flow and flood, respectively [2] (Fig. 1). Fourteen samples were 
collected along the BLs (BL-type sample), two samples (Tr1b and Tr2b) from low-As metal-rich 
tributaries in the upper BLs course (As <50 µg/L [2], [7]), and one from an artificial lake (270 µg/L of As 
in 2000), its effluent feeding the BLs. The lake was excluded by the remediation plan. Temperature, pH, 
Eh, conductivity and alkalinity were measured at the sampling station. Filtered aliquots of sample (0.45 
µm) were acidified on site with 1% v/v suprapure HNO3 for analyses of major elements by ICP-OES and 
minor and trace elements by ICP-MS. A filtered aliquot was acidified on site with 0.2% v/v suprapure 
HCl for the determination of As by on-line hydride generation ICP-MS. Anions were determined by ion 
chromatography (IC) on a filtered, unacidified aliquot. 
4. Results and discussion 
The BLs water is characterized by neutral to slightly alkaline conditions (pH = 7.2-8.0), oxidizing 
redox potential (Eh = 440-520 mV), low total dissolved solids (TDS = 0.29-0.50 g/L) and a chemical 
composition varying from Ca-Mg-SO4 to Ca-Mg-HCO3 as a function of distance from mining works. Not 
significant changes in major chemistry occurred with respect to pre-remediation conditions. 
In Fig. 2 pre- and post-remediation values of arsenic along the BLs course are compared. Excluding 
BL0, sampled just upstream the mine area (As = 60 µg/L), the BLs course can be divided into three 
stretches as a function of different main factors influencing its chemistry:  
1) the upper reach (from BL1 to BL5), which drains the area where the mining works and the waste-
rock dumps occurred, and where now is located the Storage Site. In this reach As values (from ~120 to 
400 µg/L) are affected by local variations, as in pre-remediation conditions, though with some significant 
difference. In particular BL2 shows considerably higher As concentration with respect to the past. The 
rise of As in BL2 is not due to the contribution from Tr1b and Tr2b, which were confirmed to have low 
As concentrations (< 10 µg/L). 
2) the medium reach (from BL6 to BL10), receiving the contribution from the lake (As = 255 µg/L). 
This reach has been the most affected by the tailings discharging from the flotation plan in the past (Fig. 
1). The post-remediation As concentrations increase significantly (up to 750 µg/L in BL10), though with 
an unvaried general trend of its distribution with respect to pre-remediation conditions. 
Fig. 2. Arsenic distribution along the Baccu Locci stream. (left): comparison between post-remediation and low flow 
pre-remediation conditions; (right) comparison between post-remediation and flood pre-remediation conditions. 
 
3) the low reach (from BL11 to BL16). Although a few kilometres farther from the flotation plan, this 
reach was also affected in the past by the presence of the tailings, transported downstream by the water. 
The stream receives the contribution of an uncontaminated tributary (upstream BL11), which significantly 
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reduces As concentrations in the BLs (averagely around 400 µg/L); since occurring underground, this 
contribution is not easily evaluated. After the BL14 sampling point, the BLs becomes hyphoreic flow.  
First post-remediation data pinpointed that As concentrations increased with respect to pre-remediation 
conditions, in particular in the medium reach; this aspect in itself would not be of major concern, because 
it could be caused by observed seasonal fluctuations (e.g. [4]). However, it becomes of major concern if 
associated with a substantially unchanged trend for As, along the whole BLs course, following remedial 
actions. High As concentrations indicate that tailings are still present along the stream, mixed with 
stream-sediments and, therefore, not immediately identifiable. In stream-sediments As concentrations up 
to 5000 mg/kg, mostly bound to Fe(III) hydroxides, were found [8]. Also the behavior of Zn, Cd, Pb, and 
Cu (not shown) confirmed that the stream water chemistry is similar to pre-remediation conditions. 
5. Conclusion 
A few months after remediation, the potential positive effects on water contamination in the Baccu 
Locci mine watershed are not yet visible. The presence of inflows from hidden sources must be better 
investigated in the upper BLs course, where punctual As increases with respect to pre-remediation 
conditions occur. In particular, further investigations are needed to exclude leaking from the Storage Site. 
To quantify in-stream loads from the untreated As-rich lake water, its contribution should be evaluated 
both in term of chemistry and discharge. Overall, it can be argued that the planned remediation actions 
were affected by an underestimation of the widespread source of contamination represented by the 
“hidden” flotation tailings. If the current situation remains unchanged in the coming years, other remedial 
measures will be needed to attenuate As contamination. 
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